Objective: A mural intracoronary thrombus is a potential source of platelet emboli that may obstruct downstream microvessels, but this phenomenon has not been characterized. The present study aimed to assess the magnitude of myocardial platelet accumulation downstream of a mural intracoronary thrombus and its modification by a concomitant transient coronary occlusion (OC) or by treatment 99m with aspirin. Methods: The myocardial content of Tc-labelled platelets was analyzed in 26 pigs submitted to intimal injury of the left anterior descending coronary artery (LAD) followed by no intervention (n56), 25-min OC (n56), or 48-min OC preceded (n58) or not (n56) by intravenous administration of 250 mg aspirin. Results: After 2 h, 24 animals had had 1261 cyclic flow reductions (CFRs) reflecting dynamic LAD thrombosis. Myocardial platelet content in the inferior region was similar among groups. Platelet content in the LAD region was not significantly different to that in the inferior region (129619%, P5NS) in the no intervention group, but was increased following OC (172620 and 312671% after 25-and 48-min OC, respectively, P,0.05). Pre-treatment with aspirin lessened the number of CFRs but did not reduce platelet accumulation in LAD myocardium (4836148%). Myocardial platelet accumulation was not associated with the magnitude of platelet deposition in the LAD nor with the number of CFRs, but was correlated with myeloperoxidase activity (r50.91, P,0.001) and with infarct size (r50.52, P50.05). Histological analysis frequently showed sparse platelets or small platelet or leukoplatelet aggregates in small vessels, but arteriolar emboli were rare. In none of seven additional experiments coronary angiography showed obstructions of arterial branches during CFRs. Conclusion: The magnitude of platelet embolization from a mural intracoronary thrombus into downstream myocardium is small despite the presence of repetitive CFRs.
Dynamic intracoronary thrombosis does not cause significant downstream platelet embolization a a , b c a 1. Introduction flow [1] and increased resistance at the distal vascular bed [2, 3] , and a previous study in our laboratory showed that Occlusive intracoronary thrombosis may cause myocarcoronary intimal injury blunted the hyperemic response dial ischemic injury and cell death. Several data suggest and increased infarct size after a prolonged coronary that non-occlusive thrombosis may also be harmful to occlusion (OC), an influence that was attenuated by predownstream myocardium by mechanisms independent treatment with aspirin [4] . Moreover, experimental reperfufrom flow limitation at the thrombus site. Intracoronary sion through a stenotic artery, which could favor mural thrombosis has been associated with impaired endocardial thrombosis, has also been associated with increased necrosis [5, 6] , an effect that may be prevented by platelet depletion [6] .
Whether these deleterious effects of mural intracoronary catheterized with a Judkins 8F guiding catheter introduced thrombosis are due to the release of vasoactive substances by the carotid artery, and a 2.5F catheter (Cordis) was or to a mechanical limitation of flow by multiple platelet advanced into its distal segment and moved backwards and emboli remains unclear [3, 7] . Intracoronary thrombosis forwards several times while the elastic snare was gently induces an increased release of platelet-derived products tightened. After this intervention, which has been shown to that cause local and distal vasoconstriction [8, 9] but, on the cause endothelial denudation, disruption of the internal other hand, the characteristic cyclic flow reductions elastic lamina and mural thrombosis [4, 15] , the catheters (CFRs) that are associated with the development of were withdrawn and the carotid artery ligated. Animals intracoronary thrombosis in experimental animals strongly were allocated ( Fig. 1 ) to no further intervention or to a suggest the occurrence of repetitive embolization of throm-25-or 48-min ligature of the LAD. After these two periods botic material [10] . However, although periodic dislodgof OC, that in this model result, respectively, in no ment of the thrombus has been demonstrated during CFRs histochemically detectable myocardial necrosis and in [11] , neither the magnitude of platelet embolization in detectable but incomplete necrosis [4, 16] , the effects of myocardial microvessels nor its modification by antiplatecoronary injury on the hyperemic response and on infarct let drugs have been investigated. size were manifest, respectively, in our previous study [4] . Accordingly, we aimed to quantify the magnitude of Ninety minutes before OC, animals allocated to 48-min myocardial platelet embolization downstream of a mural OC were randomized to receive, blindly to the invesintracoronary thrombus and its modification by aspirin. We tigators performing the experiment, an intravenous solution measured the myocardial content of radiolabelled platelets of 250 mg aspirin in 5 ml of saline or vehicle. This dose of in pigs submitted to coronary intimal injury to induce aspirin has been shown to prolong bleeding time and thrombosis with CFRs. Since the adhesiveness of the significantly inhibit in vitro platelet aggregation in the microvascular endothelium is enhanced by ischemia [12- same model, and attenuated the deleterious influence of 14], the modification of platelet accumulation by a concoronary intimal injury on infarct size in our previous comitant transient OC of different duration was also study [4] . Two hours after reperfusion, or after coronary analyzed. Finally, additional angiographic studies were intimal injury in animals without OC, the heart was performed to detect macroscopic embolization during excised. CFRs.
Six animals were excluded due to technical reasons (two animals), coronary reocclusion (two animals), refractory ventricular fibrillation (VF) (one animal) and severe 2. Methods hypotension (one animal performed to adjust the ventilatory parameters. Blood Thirty-two farm pigs of either sex (3561 kg) were platelet count was determined at the end of the experiment. premedicated with 10 mg / kg intramuscular azaperone, Continuous monitoring of aortic blood pressure with a anesthetized with 10 mg / kg intravenous thiopental, intucrystal quartz transducer (Coulbourn, Lehigh Valley, PA), bated and mechanically ventilated with room air (Bennett MA-1B, Santa Monica, CA). A continuous infusion of thiopental was administered to maintain anesthesia. The right femoral artery and vein were catheterized, the right carotid artery was dissected, a sternotomy was performed and the pericardium opened. The left anterior descending coronary artery (LAD) was dissected free in its mid segment at two adjacent points. A 2-mm width Doppler flow probe (Transonic Systems, Ithaca, NY) was placed around the proximal point, and the distal point was surrounded by an elastic snare and served as the site for coronary injury and occlusion. and of LAD blood flow with a flow meter (T106, Transof counts / g) was calculated and expressed as percentage onic Systems) were obtained. In five animals (three of the specific activity in control myocardium. Platelet without OC and two with 48-min OC and aspirin) in which content in arterial and myocardial samples was calculated coronary flow did not change spontaneously after intimal from the activity and platelet count in total blood. injury, the LAD was constricted with a ligature around it and a 20-Gauge needle to facilitate the development of 2.5. Myocardial PMN accumulation and infarct size CFRs. If blood flow decreased to zero, the artery was gently shaken to allow recovery of flow. The lead II of the Myocardial PMN content was quantified in 16 experielectrocardiogram, aortic pressure, and the signals from the ments (five with 25-min OC, four with 48-min OC without flow meter were amplified in a Coulburn modular instruaspirin and seven with 48-min OC and aspirin) by dement system and continuously recorded by a thermic pad termining myeloperoxidase (MPO) activity in myocardial recorder (MT-9500, Astro-Med, West Warwick, RI) at a tissue. Transmural samples (0.8160.06 g) from the third sampling rate of 200 kHz and at a paper velocity of 10 slice were obtained and stored at 2808C until analysis. The mm / min, with several additional recordings at 10 mm / s.
Study protocol
samples were homogenized as previously described [4] and When VF occurred, it was converted to sinus rhythm by solubilized in 50 mmol / l potassium phosphate buffer at pH internal direct current shocks of 10-20 J.
6.0 with 0.5% hexadecyltrimethyl ammonium bromide (Sigma), and MPO activity was determined by spectro-2.4. Platelet deposition in the LAD and accumulation in photometry [18] after addition of o-dianisidine dihydromyocardium chloride and H O . MPO activity was expressed in units 2 2 defined as the quantity of enzyme degrading 1 mmol Platelet content was quantified in the injured LAD and peroxide / l / min at 258C. in myocardial samples by using Tc-labelled platelets as In animals with 48-min OC, the remaining slices were previously described [4] . Briefly, the previous day animals incubated at 378C in 1% triphenyltetrazolium chloride, were anesthetized and ventilated as described, one femoral buffered for pH 7.4, for 5-10 min, and imaged from the vein was catheterized percutaneously and 51 ml of blood basal side by a Sony TR-705E video camera. Instead of the was withdrawn through a 5F catheter. The blood was third slice, used for MPO analysis, the apical surface of the centrifuged and acidified with acid citrate dextrose, and the fourth slice was imaged. The images, along with a resultant pellet was resuspended in platelet-poor plasma reference scale, were digitized on line with a digitization 99m and incubated with Tc-labelled hexamethylcard (Matrox IP8) into 7683576 pixels images. The area propyleneamineoxime (HMPAO) [17] . After centrifugaof necrosis was measured semiautomatically (Image Pro99m tion, the pellet of Tc-labelled platelets was resuspended Plus software, Media Cybernetics) in the digital images, in plasma and injected intravenously into the animal. The and infarct size was calculated from these measurements labelling efficiency averaged 55.562.4% and a mean of and the weight of the slices. 6.760.3 mCi of Tc-labelled platelets was injected into each animal. The femoral catheter was withdrawn, anes-2.6. Histological analysis thesia was stopped and animals were allowed to recover and returned to the animal room until the next day.
The slices from the animals with 48-min OC were fixed After excising the heart, the aortic root was cannulated in 10% formaldehyde. Two slices were dehydrated in and a solution of 0.5% albumin in Ringer was perfused at graded alcohol and embedded in paraffin, and serial 120 mmHg pressure for 5 min to eliminate any trapped transverse 4-mm thick sections were obtained (Polycut blood from the coronary vasculature. One 10-mm segment microtome, Reichert Jung Cambridge, Heidelberg, Gerof the LAD including the injured site and one segment many), stained with hematoxylin and eosin, Schiff's from the right coronary artery were obtained, opened and periodic acid, and Masson's trichrome, and examined with measured. The heart was immersed in Ringer solution at an Olympus IMT2 microscope. The distal LAD was 48C and cut in 5-7-mm slices perpendicular to its long examined for the presence of luminal thrombosis. In axis. The slices were weighed in a high precision scale and myocardial tissue, the presence and distribution of platelets transmural myocardial fragments were obtained from the in the microvasculature was analyzed as well as the anteroseptal region in the third and fourth slices, downpresence of red blood cell extravasation. Arteriolar plugs stream of the damaged LAD (2.2460.19 g of tissue per
.50 mm in diameter were considered as microemboli animal). Two fragments from the inferior region [19, 20] . (2.3660.18 g) were obtained in the same slices. The radioactivity of these fragments, along with that of the 2.7. Angiographic studies arterial segments and of 1 ml blood withdrawn at the end of the experiment, was counted for 20 s in a gamma
In a separate series of seven animals, anesthetized and counter (1282 Compugamma, Wallac, Turku, Finland). The instrumented as described, the occurrence of macroscopic activity in the LAD was corrected by sample surface.
embolization was investigated by performing a coronary Specific activity in LAD-dependent myocardium (number angiography during CFRs. The left coronary artery was Hemodynamic data are summarized in Table 1 . Heart projection with the best visualization of the distal LAD and rate increased slightly after OC and remained stable during its branches. After promoting the development of CFRs by the reperfusion period. Aortic pressure did not change mechanical injury of the mid LAD, several additional significantly during the experiment. At baseline, mean angiograms were obtained, at the times of the nadir of flow blood flow at the mid LAD was 1361 ml / min, without and as soon as the typical, brisk recoveries of flow differences between groups. After LAD injury, 24 animals occurred. Angiograms were examined to detect amputation had a mean number of 1261 CFRs (Fig. 2) . The overall of arterial branches distal to the damaged segment after number of CFRs in each group was 962 in animals recovery of flow.
without OC, 1763 in those with 25-min OC, 1462 in those with 48-min OC without aspirin, and 762 in those with 48-min OC and aspirin (P,0.05 for the comparison 2.8. Statistical analysis between this group and the other groups with OC). Six animals had ischemic VF, 3064 min after OC. All animals Statistical analysis was performed using SPSS software.
with OC had repetitive bursts of idioventricular rhythm Values are expressed as mean6S.E.M. Paired t-tests were immediately after reflow, and 11 had VF within the first used to assess changes in physiologic parameters and to minutes after reperfusion. The number of CFRs was compare the results obtained in the LAD or in LADgreater in animals with VF than in those without (1462 vs. dependent myocardium with those from a control zone 962, respectively, P50.05) and was not correlated with within the same animal. Comparisons between groups the number of electrical shocks (r50.25, P5NS). were performed by Student's t-tests or by one-way analysis of variance (ANOVA) after having assessed the data for 3.2. Platelet deposition in the LAD and accumulation in normal distribution. Individual comparisons were permyocardium formed by the less significant difference method if homo-9 geneity was rejected by ANOVA. P values ,0.05 were Blood platelet count averaged 404623310 platelets / l, considered significant. without between group differences. All animals had an increased platelet deposition in the injured LAD with 34610, and 92636310 IU / g, respectively, P5NS). respect to the right coronary artery (18476626 vs. 23653 MPO activity in reperfused myocardium was not associ- 3 2 10 platelets / cm , respectively, P50.009). Myocardial ated with platelet deposition in the LAD nor with the platelet content in the control region averaged 13.061. 23 number of CFRs, but was strongly correlated (r50.91, 6 99m 10 platelets / g, without between group differences (Fig.  P,0 .001) with specific Tc activity in reperfused 3). In LAD-dependent myocardium, platelet content was myocardium (Fig. 4) The angiographic appearance of the LAD at baseline was normal in all cases. At the nadir of CFRs, angiography Fig. 3 . Platelet content in samples from left anterior descending artery (LAD)-dependent and control myocardium. Platelet content in the control region was similar among groups. In the LAD territory, platelet content was significantly increased with respect to that in the control region only in animals with sustained ischemia, and the magnitude of this increase was related to the duration of coronary occlusion (OC). Among animals with 48-min OC, platelet content was similar in those pre-treated or not showed a severe stenosis at the site of LAD injury, with this platelet plugging is difficult to establish, and has been slowed filling of the distal vessel, or a total occlusion. attributed either to local aggregation or to embolization. It Immediately after recovery of flow, angiography showed a cannot be excluded that the 29% increase in platelet residual stenosis of variable severity with or without content in LAD myocardium over the value in the control images suggestive of intracoronary thrombus, and imzone observed in the present study in animals without OC proved or normalized filling of the distal vessel. Recould have reached statistical significance with a larger markably, none of these injections demonstrated acute number of animals. However, its small magnitude suggests obstruction of distal branches of the LAD suggestive of that embolization is not a relevant cause of sustained embolization. microvascular obstruction downstream of a mural intracoronary thrombus. This is further supported by the lack of association of myocardial platelet content with the 4. Discussion severity of coronary thrombosis, by the rareness of arteriolar obstructions at histological analysis, and by the absence In the present study, in the absence of sustained of amputations of distal branches at angiography, an ischemia, coronary intimal injury with repetitive CFRs was observation that is in agreement with a previous report in not associated with a detectable downstream accumulation the canine model [11] . The failure of aspirin to reduce 99m of Tc-labelled platelets. Myocardial platelet content was myocardial platelet accumulation despite its effect against increased in hearts submitted to transient OC, but was not CFRs also suggests that both phenomena are basically correlated with the magnitude of platelet deposition in the independent. Since strong evidence indicates that CFRs are injured artery nor with the number of CFRs, and was not the consequence of dynamic intracoronary thrombosis [9-lessened by pre-treatment with aspirin, an intervention that 11], the present results suggest a rapid deaggregation of reduced the number of CFRs. By contrast, myocardial platelets after they are released from the mural thrombus, platelet content was associated with the duration of OC which allows them to pass through the capillary bed and and was correlated with MPO activity and with infarct reach the systemic circulation. size. Histological analysis disclosed extensive platelet and
The present findings of myocardial platelet accumulation PMN deposition on the microvascular endothelium within after ischemia, its correlation with MPO activity and reperfused myocardium, but large arteriolar plugs coninfarct size and the predominant distribution of platelets in sistent with microemboli were rarely seen. Coronary areas of infarct concur with previous observations [23] [24] [25] [26] [27] . angiography failed to detect acute obstructions of arterial However, the mechanisms of platelet deposition in rebranches distal to the site of the dynamic thrombosis.
perfused myocardium remain unclear. Several intervenIn the absence of aspirin, all animals with transient OC tions aimed to reduce myocardial platelet accumulation evolved spontaneous CFRs, while in one half of those after reperfusion or to modulate its effects have obtained without OC the LAD had to be constricted to facilitate disparate results [23, [25] [26] [27] [28] [29] [30] . In the present study, aspirin their development. Moreover, the number of CFRs was was ineffective in reducing the magnitude of myocardial greater in the former animals than in animals without OC platelet deposition. Furthermore, aspirin-treated animals or in those receiving aspirin. The apparently increased showed a trend to increased platelet content, which might susceptibility for the development of CFRs after OC might be due to chance or might be related to the trend to be explained in part because coronary ligature may distort increased infarct size in these animals. It is improbable that arterial shape and result in some degree of residual stenosis the lack of effect of aspirin was due to an insufficient dose after reperfusion, and because these animals could have a since this dose reduced the number of CFRs, it had an more severe intimal injury than the rest. In this respect, we antiaggregatory effect in vivo and in vitro in the same have previously observed that in the absence of additional model [4] , and lower doses have been effective in animal catheter-induced injury, coronary ligature as produced in models of coronary thrombosis [10] and in patients with the present study determines a significant intimal damage acute coronary syndromes. Previous studies in the canine at the occlusion site [15] . On the other hand, the finding of model have shown that neither ibuprofen [25] nor aspirin, more CFRs in animals with VF suggests an increased 2-12 mg / kg [27] decreased the magnitude of myocardial thrombotic activity at the culprit lesion in these animals platelet accumulation after reperfusion, although in none of and concurs with a previous observation in our laboratory these studies the occurrence of CFRs was reported. This of a greater incidence of coronary reocclusion after islack of effect of aspirin indicates that other mediators chemic VF [15] . different from or in addition to thromboxane A are 2 Previous studies in experimental animals have shown a involved. In this respect, the correlation between platelet deleterious influence of non-occlusive intracoronary thromcontent and MPO activity would suggest a role for bosis on downstream myocardium [1] [2] [3] [4] . The possible activated PMNs, which is in agreement with previous relevance of coronary microembolization has been sugstudies demonstrating an enhanced platelet-PMN co-opegested by the finding of platelet plugs in myocardial ration in reperfused microvessels [28] or the possibility to microvessels from patients with coronary disease who died reduce platelet accumulation by neutrophil depletion [29] suddenly [19] [20] [21] [22] . However, the ultimate mechanism of or by interfering with platelet-PMN interaction [26] .
Aspirin-treated animals showed a trend to increased coronary intervention, has recently been stressed [32] . infarct size, which is in conflict with our previous observaSince the model of intracoronary thrombosis with CFRs tion [4] . The longer period of reperfusion in that study (6 resembles the pathophysiology of unstable angina or nonvs. 2 h in the present one) might help explain this apparent ST elevation acute myocardial infarction [33, 34] , the discrepancy since it might have provided more room for present results are against a significant mechanical obstructhe potential benefits of aspirin to manifest. Moreover, the tion of the microvascular bed by multiple microemboli in present results on infarct size must be interpreted cautiouspatients with these acute coronary syndromes. Although ly since they have not been corrected for the size of the aspirin exerts a clear beneficial effect on the culprit lesion, area at risk. In a recent study in dogs submitted to 90 min the finding that myocardial platelet accumulation is not OC and 6 h reperfusion through a critical residual stenosis, reduced by standard antiplatelet therapy may also be of several doses of intravenous aspirin given before reperfuinterest. Finally, the results are in agreement with a cosion did not significantly modify infarct size, although operation between platelets and PMNs in reperfused animals given 12 mg / kg showed a trend to smaller infarcts microvessels [28] , and stress the advisability of further [27] .
studies that assess the effects of interventions targeting this Several methodological considerations are pertinent. The co-operation, by interfering the interaction of P-selectin myocardial content of radio-labelled platelets was quanwith its glycoprotein ligand or by preventing b -integrin 
